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WHAT IS CLAIMED IS: 

b 1 3 1 A method of delivering a nebulized fluid for inhalation, comprising the 

2 steps of: 

3 providing a nebulizing device, a reservoir and a container, the reservoiryBfhd 

4 container being replaceable; 

5 delivering a volume of fluid from the container to the reservoir; 

6 using the nebulizing element to nebulize the volume of fluid; 

7 repeating the delivering and using steps a number of times vvith the same 

8 container; 

h9 removing and replacing the container; and 

"pO removing and replacing the reservoir. 



D 1 2. The method of claim 1 , wherein: 

the providing step is carried out with the Nebulizing device having a vibrating 
element with a plurality of holes, the reservoir holding a fluid in contact with the vibrating 
element. 

3. The method of claim V wherein: 

2 the removing and replacing steps are carried out with the reservoir being mounted 

3 to the container by the user which is fallowed by the user mounting both components together 

4 into the nebulizing device. 
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1 4. The method of claim 1, wherein: 

2 the providing step is carried out with reservoir having a needle which penetrates 

3 the container thereby providing a fluid path between the container and the reservoir. 

1 5./ The method of claim 1, wherein: 

2 0e providing step is carried out with a one-way valve positioned along a fluid 

3 path betwee^ the container and the reservoir. 



1 

2 



6. The method of claim 5, wherein: 

the providing step is carried out with the nebulizing device having a vibrating 
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3 assembly, the vibrating assembly having a plurality of holes therein; and 

the delivering step is carried out with the valve directing the fluid at the vibratin, 

5 assembly; and / 

6 the using step is carried out with the fluid passing through the holes in thgr 

7 vibrating assembly. / 

1 7. The method of claim 5, wherein: / 

2 the delivering step is carried out with the valve delivering a stream of the fluid. 

1 8. The method of claim 7, wherein: / 

2 the delivering step is carried out with the stream of fluid being directed at a 

vibrating assembly of the nebulizing device. / 

LJ / 

y / 

& 1 9. The method of claim 4, wherein: / 

W / 

p2 the providing step is carried out with the valve positioned at the end of the fluid 

, = 3 path so that the valve leads directly into-.the reservoir. 

□ l 10. The method of claim l/turther comprising the step of: 

Q2 removing a mouthpiece before the removing steps to permit at least one of the 

^3 reservoir and the container to be remoyed and replaced. 

5 / 

1 11. The method of claim 10, wherein: 

2 the removing steps are carried out with the reservoir and the container being 

3 separate units. / 

1 12./ The method of claim 1 1 , wherein: 

2 thpremoving steps are carried out with the reservoir being mounted to the 

3 container by tj*e user. 

1 / 1 3. A nebulizer for nebulizing a fluid for inhalation by a user, comprising: 

2 / a housing; 

3 / a nebulizing element contained in the housing; 
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a conta i ner which holds a number of doses of the fluid to be nebulized, the / 
container being removable and replaceable; / 

a reservoir coupled to the housing, the reservoir holding a volume of the fluid in 
contact with the nebulizing element, the reservoir being removable and replaceable/ and 

a fluid path between the container and the reservoir through whicKihe volume of 
fluid is delivered from the container to the reservoir. / 

14. The nebulizer of claim 13, wherein: / 

the nebulizing element includes a vibrating element with a plurality of holes; and 
the reservoir holds the fluid in contact with the vibraing element. 

15. The nebulizer of claim 13, wherein: / 

the container and fluid path are removed andreplaced with the reservoir. 

16. The nebulizer of claim 13, wherein: 

the reservoir is mounted to the container by the user. 

17. The nebulizer of claim L3, wherein: 

the fluid path includes a needle which penetrates the container. 

1 8. The nebulizer o^claim 13, wherein: 

the fluid path include/a one-way valve positioned between the container and the 
reservoir. / 

19. The device of claim 18, wherein: 

the nebulizing element has a vibrating assembly with a plurality of holes, the fluid 
passing through the holes in the vibrating assembly; and 

the v^lve directing the fluid at the vibrating assembly. 

20. The device of claim 18, wherein: 
/ the valve delivers a stream of the fluid. 



2 1 . The device of claim 20, wherein: 
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£ 2 <3<3- K y' thC nebulizing element has a vibrating assembly having a vibrating element with \ 

plurality of holes; and 
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the valve delivers the stream at the vibrating assembly. / 

22. The nebulizer of claim 13, further comprising: / 

a removable mouthpiece, the mouthpiece being removed to^ermit at least one of 
the reservoir and container to be removed and replaced. / 

23. The nebulizer of claim 22, wherein: X 
the mouthpiece holds the nebulizing element. 

24. The nebulizer of claim l^wherein: 
the nebulizing element is rejriovable. 

25. A removablp/£nd replaceable reservoir which holds and delivers a fluid to 
a nebulizer, comprising: / 

a reservouxnaving a chamber which has an opening therein, the opening being 
configured to mate with a nebulizing assembly, the opening having a diameter of 0.05 to 0.25 
inch and / 

/ a connector for coupling to a generally cylindrical fluid container, the connector 
bein^onfigured to orient the cylindrical fluid container along an axis of symmetry, the axis of 
^^mmetry forming an angle of 0 to 45 degrees relative to the opening. 

26. The reservoir of claim 25, further comprising 
a fluid path leading from the reservoir to the cafmector; 

the connector also having a fluid coupjjflg which provides fluid communication 
with the container when the container is rfioolited'to the reservoir. 



1 27. The reservoir oj/d^inF^C wherein: 

2 the fluid coupling^ a needle which penetrates a septum of the container when the 

3 container is mounted to the^servoir. 



28. / The reservoir of claim 26, further comprising: 
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2 a one-way valve positioned along the fluid path, the one-way valve'permitting 

3 flow from the container to the reservoir and preventing flow in the reverse direction. 
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29. The device of claim 28, wherein: 

the nebulizing element has a vibrating and the valve ducting the fluid at the 
vibrating assembly. 

30. The device of claim 29, wherein: 

the vibrating assembly has a plurality of holp£, the fluid passing through the holes 
in the vibrating assembly. 

3 1 . The device of claim 28, wherein: 
the valve delivers a stream of time fluid. 

32. The device of claimu 1 Jmxtreh/ 

the nebulizing element has a)<yibi]ating assembly having a vibrating element with a 
plurality of holes; and 

the valve delivers the st/eam at the vibrating assembly. 

33. The reservoi/ of claim 25, wherein: 

the open end of the reservoir is oriented at an angle of about 15 degrees relative to 
the axis of symmetry of the connector. 

34. The reservoir of claim 25, wherein: 

the open enu of the reservoir has a diameter of about 0. 15 inch. 

35. The reservoir of claim 25, wherein: 
the reservoir has a hydrophobic inner surface. 

36/ The reservoir of claim 25, wherein: 

thp reservoir has a smooth inner surface which is substantially free of corners and 

seams. 



37. The reservoir of claim 25, wherein: 
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1 38. A removable and replaceable reservoir which holds and delivers a fluid to 

2 a nebulizer, comprising: 

3 a reservoir having an open end, the open end sealing with a nebulizing assembly 

4 and having a diameter of about 0. 15 inch, the open end generally lying in a plane; 

5 a fluid path leading from the container to the reservoir; and 

6 a connector for coupling to a generally cylindrical fluid container, the connector 

7 being configured to orient the cylindrical fluid container along an axis of symmetry; 

8 wherein axis of symmetry forms an angle with the plane of about 15 degrees. 

Q l 39. A fluid vial, comprising: 

£2 a vial having a body and a chamber which holds a fluid; 

~ 3 a piston positioned in the body and slidable within the body to force fluid from the 

fzf4 chamber; 

Li 5 

= 5 a connector having at least one protrusion extending radially outward which 

lI 6 engages a complementary slot in a fluid delivery device. 

^ 1 40. The fluid vial of claim 39, wherein: / 

O X 

ry 2 the connector is a collar positioned around^ cap on the body. 

1 41. The fluid vial of claim 3^wherein: 

2 the connector has thnee profcmsions. 

1 42. The fluid vjrfMf claim 39, wherein: 

2 the protrusion^nave a substantially square cross-sectional shape. 

1 43. yfne fluid vial of claim 39, further comprising: 

2 a losing connector which locks to a reservoir which holds a volume of the fluid. 

1 / 44. The fluid vial of claim 45, wherein: 

2 / the locking connector has at least one tab extending longitudinally from the end of 

3 the vHil. 
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45. The fluid vial ol 4j^wftereioi 
the locking^ortnector has a radially inner recess with a shoulder positioned 



distally of 1 



:ess. 



46. A container and reservoir assembly, comprising: 

a container having a piston, the container having a chamber which holds a fluid, 
the piston being movable within the housing to force fluid from the chamber; 
a reservoir coupled to the container; and 
a fluid path between the container and reservoir. 

47. The assembly of claim 46, wherein: 
the reservoir has an open end which engages a nebulizer to delryetf the fluid in the 

reservoir to the nebulizer. 

48. The assembly of claim 47, wherein: 
the open end of the reservoir has a diameter ofJ0fO5 to 0.25 inch 

49. The assembly of claim 47, wherein: 

the open end of the reservoir is oriented at ^i angle of about 15 degrees relative to 
a longitudinal axis of the container. 

50. The assembly of cUfim 46Jwherein: 

the fluid path includes ^one-way valve which permits fluid flow into the reservoir 
from the container. 

5 1 . The devj£e of claim 50, wherein: 
the nebulizing element has a vibrating assembly with a plurality of holes, the fluid 

passing through the holesan theVitxating assembly; and 

the valve directing the fluid at the vibrating assembly. 

52. / The device of claim 50, wherein: 
tHe valve delivers a stream of the fluid. 
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1 53. The device of claim 50, wherein: 

2 the nebulizing element has a vibrating assembly having a vibrating element with a 

3 plurality of holes; and / 

4 the valve delivers the stream at the vibrating assembly: 

1 54. The assembly of claim 50, wherein: / 

2 the one-way valve is a slit-valve. / J 

1 55. The assembly of claim SOWjjprein: 

2 the one-way valve directs theJHuifl at the nebulizing element. 

Q\ 56. The assembly ofclaim 55, wherein: 

=p2 the one-way valve/Iirects the fluid at the nebulizing element as a stream of liquid. 

C] l 57. The^ssembly of claim 50, wherein; 

y ^2 the valye is positioned at the end of the fluid path. 

M= 1 >#8. The assembly of claim 46, wherein the container and reservoir are separate 

T\ 2 compon^flfs which are coupled together by the user. 

s y 1 59. A removable and replaceable container and reservoir assembly for a 

2 nebulizer, comprising: 

3 a container having a piston, the container having a housing which houses a fluid, 

4 the piston being movable within the housing to force fluid from the container, the piston moving 

5 generally along a longitudinal axis of the housing; 

6 a reservoir which holds liquid to be nebulized, the reservoir having an open end 

7 which delivers fluid to the nebulizer when the reservoir is mounted to the device, the open end of 

8 the reservoir has a diameter of 0.05 to 0.25 inch, the open end of the reservoir being oriented at 

9 an angle of about 0 to 45 degrees relative to the longitudinal axis of the housing; and 

10 a fluid path between the container and reservoir. 

l 60. The assembl^L^f^ 
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2 the fluid path includes a one-way v^lv^ wJueJ*i3ermits fluid flow toward the 

3 reservoir. 
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6 1 . The asseir>b$of claim 59, wherein: 

the reseryeff is mounted to the container by the user when the assembly is 
replaced in the^pebulizer. 

62. A mouthpiece for a nebulizing device, comprising: 
a connector configured to be coupled to a housing of the nebulizing device; 
a nebulizing element positioned to emit a nebulized fluid into the chamber; 
a chamber having at least one air inlet opening through which a user inhales 

ambient air, the air inlet opening being positioned to produce an air flow in the chamber which 
entrains the fluid nebulized by the nebulizing element. 

63. The mouthpiece of claim 62, further comprising: 
an electrical connector which electrically couples the^fiouthpiece to the 

nebulizing device when the mouthpiece is mounted to the nebulizing device with the connector. 

64. The mouthpiece of claim 62, wi- 
the mouthpiece has a pressure measurement port for measuring the pressure in the 

chamber. 

65. The mouthpieceJeJ&claiVn jS4, wherein: 

the pressure measurefnejjtjport is configured to be coupled to a pressure 
measurement conduit in the nebulizing assembly. 



66. 
the 
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The mouthpiece of claim 62, wherein: 

lizing element is mounted to the housing with a resilient connection. 
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67/ The mouthpiece of claim 62, wherein: 

(he nebulizing element includes a vibrating element with holes, the nebulized 
Emitted through the holes in the vibrating element when the vibrating element is 
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68. The mouthpiece of claim 67, wherein: 

the vibrating element has a front side leading tojh^chamber so that nebulized 
fluid passing through the holes enters the chamber, the ^jjfefating assembly also having a backside 
which receives the fluid to be nebulized. 

69. The mouthpiece of^Jsnm 67, further comprising: 
a fluid connector conjured to mate with a corresponding connector on a fluid 

assembly which contains a flui^/fhe fluid connector directing fluid to the backside of the 
vibrating element. 

70. y/The mouthpiece of claim 62, wherein: 
nebulizing element is oriented at an angle of about 0-45 degrees relative to 

horizontal ^Jdring operation. 

71. A mouthpiece for a nebulizing device, comprising: 

a connector configured to be coupled to a housing of the. nebulizing device; 

a nebulizing element positioned to emit a nebulized fluid into the chamber; 

a chamber having at least one air inlet opening through which a user inhales 
ambient air, the air inlet opening being positioned to produce an air flow in the chamber which 
entrains the fluid nebulized by the nebulizing element. 

an electrical connector which electrically couples the mouthpiece to the 
nebulizing device when the mouthpiece is mounted to the nebulizing device; 

a pressure measurement port configured to be coupled to a pressure measurement 
conduit in the nebulizing assembly. 

72. The mouthpiece of claim^ K wh©f? in: 

the nebulizing element is m<jmj^£tTto ty6 housing with a resilient connection. 

73. The mouthpjede of clMm 7 1 , wherein: 

the nebulizing^Iement includes a vibrating element with holes, the nebulized 
fluid being emitted thrpdgh the holes in the vibrating element when the vibrating element is 
vibrated. 
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1 74. The mouthpiece of claim 73, wherein: 

2 the vibrating element has a^ront side le^Jfrfgto the chamber so that nebulized 

3 fluid passing through the holes enters the ch&brf/flie vibrating assembly also having a backside 

4 which receives the fluid to be nebulizec^A^y 

1 75. The matithpiece of claim 73, further comprising: 

2 a fluidp<Jnnector configured to mate with a corresponding connector on a fluid 

3 assembly which^ntains a fluid, the fluid connector directing fluid to the backside of the. 

4 vibrating element. 

i ^ 76. A nebulizing device for nebulizing a fluid, comprising: 

bf2 a housing; 

=p3 a vibrating assembly contained within the housing, the vibrating assembly 

LU 

q4 including a nebulizing element and a piezoelectric element, the nebulizing element having a 

/J 5 plurality of holes through which the nebulized fluid exits, the piezoelectric element being 

s 6 coupled to the nebulizing element to vibrate the nebulizing element; and 

y7 a resilient mounting which couples the vibrating assembly to the housing. 

o 

^ 1 77. The nebulizing device of claim 76, further comprisjtfgT 

m 2 a fluid connector coupled to the resilient mounting! th^resilient mounting 

3 providing a closing force between the fluid connector and a rateable and replaceable fluid 

4 assembly which holds the fluid. / V \ / 

1 78. The nebulizing deviqepficlaim 76, wherein: 

2 the resilient mounting inpHades an elastic material. 

1 79. The nebijJizing device of claim 78, wherein: 

2 the elastic mmerial is an elastomeric material. 

1 80. A nebulizing device for delivering nebulized fluids for inhalation, 

2 comprising: 

3 a housing having a mouthpiece for inhalation of a nebulized fluid by the user; 



21 



4 a vibrating element mounted within the housing, the vibrating element having a 

5 plurality of holes therein through which the nebulized fluid emerges; 

6 a container which contains a fluid; 

7 a reservoir which holds a volume of the fluid delivered from the container; and 

8 a fluid path between the container and the reservoir to deliver fluid from the 

9 container to the reservoir. 

1 81. The nebulizing device of claim 80, wherein: / 

2 the container is removable and replaceable. / 

82. The nebulizing device of claim 80, wnerein: 

^2 the reservoir is removable and replaceabj/ 

UJ 1 83. The nebulizing deviee-of claim 80, wherein: 

0 / \ / J 

s\2 the reservoir and container are replaced at toe same time. 

m /DC / 

L I 84. The nebulizing devic^olkJaiflrfsO, wherein: 

□ \ A 

M= 2 the reservoir and containerAfe coupled together. 

□ 

85. The nebulizing /levice of claim 85, wherein: 

1 y 2 the reservoir is mounted to the container by the user. 

1 86. The nebulizing device of claim 80, wherein: 

2 the vibrating dement is generally oriented 0-45 degrees from vertical. 

1 87. Themebulizing device of claim 80, wherein: 

2 the reser/oir has an inner surface which is hydrophobic. 

1 88. / The nebulizing device of claim 80, wherein: 

2 the/nner surface of the reservoir is substantially smooth and free of seams and 

3 corners. / 

1 / 89. The nebulizing device of claim 88, wherein: 

2 / the inner surface of the reservoir is tear-drop shaped. 

/ 22 
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90. The nebulizing device of claim 80, wherein: 
the vibrating element is vibrated by a piezoelectric element. 

91 . The nebulizing device of claim 80, whereii 
the reservoir has a collection area located adjacent to the vibrating element where 

a final drop of the fluid in the reservoir to be delivered accumulates, wherein the final drop 
accumulated in the collection area is drawn over the holes when the vibrating element is vibrated. 

92. The nebulizing device of claijn 80, wherein: 

the reservoir has at least one vent |?ble therein, the vent hole being sized to prevent 
the fluid from escaping therethrough-due to surface ten/ion adhesion. 



93. The nebulizi 
the vent hole is for 



de&ige of claiifi 86, wherein: 
h the reservoir. 
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94. The nebulizin^tievice of claim 80, wherein: 
the fluid path includes a needle which pierces the container. 

95. The nebulizing device of claim 80, wherein: 

the fluid path includes a one-way valve which permits flow in the direction of the 
reservoir and prevents flow/oack toward the container. 

' / 

96. The device of claim 95, wherein: 

the nebulizing element has a vibrating assembly with a plurality of holes, the fluid 
passing through the Moles in the vibrating assembly; and 

the/valve directing the fluid at the vibrating assembly. 

The device of claim 95, wherein: 
^the valve delivers a stream of the fluid. 

98. The device of claim 95, wherein: 

the nebulizing element has a vibrating assembly having a vibrating element with a 
pluralityybf holes; and 
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4 the valve delivers the stream at the vibrating assembly. 

1 99. A method of nebulizing a fluid, comprising the steps of: 

2 providing a nebulizer having a nebulizing element and a reservoir, the nebulizing 

3 element having a vibrating element with a plurality of holes therein, the nebulizer also having a 

4 container and a fluid path, the fluid path leading from the container to the reservoir and having a 

5 one-way valve which permits fluid flow into the reservoir; and 

6 delivering a volume of fluid to the reservoir from the container so that the fluid 

7 accumulates in the reservoir and in contact with the plurality of holes; and 

8 activating the nebulizer to nebulize the fluid in the reservoir, the vibrating element 
Q9 being vibrated so that the fluid in the reservoir is dispensed through the holes in the vibrating 
Jo element. 

0 1 100. The method of claim 99, wherein: 

Ul2 the providing step is carried out with the nebulizing elemept' positioned at a 

~~3 hydrostatic location relative to the reservoir such that less than 25% ofthe volume of the 



|Z4 reservoir lies below the nebulizing element. 



□ l 101. The method of claim 9^T^^rein^ 

; *2 the providing step is carried < >ut witlr^he nebulizing element positioned at a 



3 hydrostatic location relative to the reservoir 

4 reservoir lies below the nebulizing element 



suoftvthat less than 10% of the volume of the 



1 102. The method ofclaim 99, wherein: 

2 the valve is positiwied at a hydrostatic location relative to the reservoir such that 

3 less than 25% of the volum^of the reservoir lies below the valve. 

1 103. yThe method of claim 99, wherein: 

2 the/lelivering step is completed before the activating step is started. 

1 / 104. The method of claim 99, wherein: 

2 / the providing step is carried out with the valve being positioned at a wall of the 

3 reservoir so that the valve isolates the entire fluid path. 
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1 105. The method of claim 104, wherein: / 

2 the providing step is carried out with the valve being a slit v#Jve. 

1 106. The method of claim 99, wherein: / 

2 the delivering step is carried out before the activaUrfg step so that the volume 

3 accumulates in the reservoir prior to the activating step. / 

1 1 07. The method of claim 99, wherein:/ 

2 the providing step is carried outwith the vibrating/element being generally 

3 oriented 0-45 degrees relative to vertical. I W / 

y 1 108. The method of claim $9,/Wherein: 

O \7 

4=2 the providing step is carried oA^h the nebulizing element being vibrated by a 

Q3 piezoelectric element. / 

^ 2 1 1 09. The method of cm\m 99, wherein: 

□ 2 the providing step is carried out with the reservoir having a collection area located 

p3 adjacent to the nebulizing element/ 

the activating ste/is carried out with a final drop of fluid in the reservoir 

^5 accumulating in the collection/area, wherein the final drop is drawn over the holes in the 

6 nebulizing element. / 

1 1 10. The method of claim 99, wherein: 

2 the providing step is carried out with an inner surface of the reservoir being 

3 hydrophobic. / 

1 1 L4. The method of claim 99, wherein: 

2 tne providing step is carried out with the inner surface of the reservoir being 

3 substantially /mooth and free of seams and corners. 

1 / 112. The method of claim 99, wherein: 

2 jy the providing step is carried out with the reservoir having a tear-drop shape. 
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113. The method of claim 99, wherein: 

the providing step is carried out with the container holding ^fiumber of volumes 
of the liquid and being replaceable. 



1 14. The method of claim 99, wherein: 
the providing step is carried out with the container and the reservoir both being 



replaceable. 



115. The method of clafnW 14, wherein: 

the container is mounted :o the reservoir aiKKthe container and reservoir are 
removed and replaced at the same time. 

1 1 6. The method of claM p9, wherein: 
the fluid path includes a/needle which pierces the container. 

1 17. The method pi claim 99, wherein: 

the providing step/is carried out with the nebulizing device having a vibrating 
assembly, the vibrating assembly having a plurality of holes therein; and 

the delivering/step is carried out with the valve directing the fluid at the vibrating 

assembly; and 

the using^tep is carried out with the fluid passing through the holes in the 
vibrating assembly. 

1 1 8. / The method of claim 99, wherein: 

ther delivering step is carried out with the valve delivering a stream of the fluid. 

19. The method of claim 99, wherein: 
the delivering step is carried out with the stream of fluid being directed at a 
vibrating assembly of the nebulizing device. 
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